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A METHOD FOR COMPUTING VERTICAL-PLANE COVERAGE
DIAGRAMS FOR FREQUENCY AGILE PULSE RADAR SYSTEMS

INTRODUCTION

In a comprehensive report on maximum radar range computations, Blake [1]
provides all the necessary tools for obtaining coverage plots (i.e., range-
height-angle charts) of monochromatic pulse radar systems. This paper provides
a method for extending the range computations applicable to the monochromatic
case to pulse radar systems featuring frequency agility. The number of dif=-
ferent frequencies employed, as well as the number of consecutive pulses to
be transmitted at the same frequency, are both arbitrary.

MATHEMATICAL ANALYSIS

The detection scheme assumed in the analysis which follows utilizes a
square-law detector followed by a linear integrator, as shown in Fig. 1. The
symbols D,, X,, and Y, denote the SNR (i.e., signal-to-noise power ratio) at
the designated points of the detector-integrator complex.

Based on approximate closed-form expressions derived by Barton [2] and
later simplified by Cann [3], one may relate the input and output SNRs using
the equation

2
2D0

(1)
D°+ 2,3

The integrated output SNR, Yo’ may now be written in the form

2
2Doj

(2)

<
I
o
4
I
T

1 D°j+2.3
where N denotes the number of integrated pulses and D_. represents the SNR at
the detector input due to the jth pulse illuminating a target located at Rp,.;
it is assumed that Rp,. represents the maximum detection range associated with
the total energy delivered on the target by the N transmitted pulses.

Since our objective is to relate the integrated SNR (i.e., Yo) to a
maximum detection range, Rpysyx, using the classical radar equation, an average
SNR is defined at the detector output in the form

Note: Manuscript submitted March 4, 1977.
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The SNR given by Eq. (3) may be thought of as the SNR necessary to achieve a
specified probability of detection, Py, and false alarm, Pg,, for a specified
number of pulses and a postulated type of target; normally, it is the corres-

ponding SNR, ﬁo, at the input of the square~law dﬁtector rather than ﬁo that
one“associates with Pd and Pgy. Given, however, D,, the corresponding value
of X, is obtained using Eq. (1). For example, given N, P4, and Peas and a

target described by Swerling's Case 2, one may utilize published results (1]

to determine ﬁo and subsequently X,.

Once ﬁo is obtained, the problem becomes one of relating ﬁo to a corres- |
ponding maximum detection range, Rp,y, in a way which takes advantage of the
computational aids developed by Blake [1,4]. This is accomplished by writing
the radar equation in the form,

2 4 2
PATTF, P.A%C F ﬁo
DoJ = > = g FJ ¢ - (4)
4“lj Phoise'R 4ﬂlj Dy Phoise Rpax

4
max

where Doj represents the SNR at thg detector input due to the Jth pulse return
from a target positioned at Rpgx; D, is the (averaged) minimum SNR based on N
pulses; F. denotes the pattern-propagation factor; and the remaining symbols
in Eq. (4) represent well-known radar parameters [5]. The bracketed portion
of Eq. (4) represents the free-space range, R'fs4' corresponding to N pulses,
but as if they all had been transmitted at frequency fj (i.e., wavelength Aj)
and each resulted in a SNR, D,, at the detector input. In view of the above
interpretation, one may rewrite Eq. (4) in the form,-

R.. \*
B xJ
Doj = D, (Rmax) (5)

and J = 1,2,...,N.

where ij = ijs Fj,

Since

PtA g

4 =
RJfS e 2 A ’ (6)
47\, D_ P
g 0 " noise

varying only the frequency results in a relationship of the form

N % fJ .
il 4| = - 41 2
Rygs™ = Rygq T S Rszs 7, (™
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which provides the free-space range at frequency f. in terms of the free-space

range at another frequency, fi’ while all other parameters in Eq. (6) remain
fixed.

In some instances the maximum free-space range, R. , based on the
number of pulses at each frequency, is known. In this case, there is a ﬁoj
given by

2 4
4 PtA GFJ
D = . (8)
°J anr2 P R 4
J “noise Jj max

The free-space range at frequency fj is then given by

D_.
4 _ 4 0J
ijs = Rj max (3:) i

Substituting next Eqs. (3) and (5) into Eq. (1), that is, into expression

2D°

(10)

one obtains

(11)

where ¢ = (2.3/60).

PLOTTING TECHNIQUES

Solution of Eq. (11) for R ,, provides the information necessary to
produce the so-called radar vertical-plane coverage diagrams.

Blake (4] has developed a computer program for presenting the radar
interference lobing phenomena on range-height-angle plots. This program was
named LOBEPLOT and was written in Fortran for use on a CDC-3800 computer.

Relatively simple modifications to LOBEPLOT have been made which have
resulted in the solution of Eq. (11) and enabled the computer (Calcomp) plotting
of the lobing charts for frequency agile radars. The original modifications
were made, and the program was debugged on a CDC-3800 computer at NRL. More
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recently, the program has been changed to allow running on the new Texas
Instruments Advanced Scientific Computer (ASC) at NRL. This new version has
been named LOBMUF for "lobes, multi-frequency.'" The complete program is
listed in Appendix A; the input data card formats are given in Appendix B.

In LOBMUF, P4, Pgy, the total number of pulses integrated, the Swerling
fluctuation case, and the number of radars or radar frequencies are specified
on input data cards. In addition, for each radar or radar frequency, the
free-space range, beamwidth, number of pulses at that frequency, sidelcbe
level, and a parameter FREF are required. FREF is zero if the free-space
range was calculated at each frequency as indicated in connection with Egs.
(8) and (9); otherwise, FREF is the midband or average frequency and the free-
space range corresponding to this reference frequency. Other inputs to the program
are identical to those for LOBEPLOT. They concern the dimensions of the range-
height chart, polarization radiated, antenna height and tilt, etc.

Using subroutines from another of Blake's computer programs Csj, RGCALC,
the signal~to=-noise ratio,ﬁo, and the parameter, &, are computed., If FREF = O,
ﬁoj for each frequency is calculated. Next, the pattern propagation factor,
FJ, is calculated exactly as in Blake's LOBEPLOT. Finally, a simple search
routine is used to converge on the value of Rpax in Eq. (11). The search is

terminated when the two sides of Eq. (11) differ by less than 0.0l.

Figure 2 gives a typical coverage diagram generated by the computer program
LOBMUF. The inputs involved a hypothetical radar radiating two pulses at each
of 21 frequencies from 1350 MHz tc 1650 MHz in 15 MHz steps. 1500 MHz was
chosen as the reference frequency, and the free-space range was chosen to be
100 n. mi.

Figure 3 shows the lobing plot for a single frequency radar at 1500 MHz.
A comparison of Figs. 2 and 3 shows that the incoherent integration in a
frequency agile radar does much to fill in the nulls of the lobing pattern and
give a solid elevation coverage.

SUMMARY

A computer program has been developed to plot range-height-angle lobing
charts for frequency agile radars. This program is quite flexible. It may
be used to plot the lobing charts for several radars or a single radar including
several frequencies. This program, LOBMUF, builds on Blake's range-height
charts and lobing plots. The program assumes incoherent integration and a
closed form expression for a square-law detector.
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APPENDIX A: Fortran Listing for Program LOBMUF

The basic modifications to Blake's LOBEPLOT for program LOBMUF occur
in Subroutine LOBES, as described in the Plotting Techniques section of this
report. In addition, Subroutines PDSN, PD, INVERS, MARSWR, DGAM, DEVAL, GA)M,
EVAL, and SUMLOG are incorporated directly from RGCALC.
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STYATEMENT

PRUGRAM [ SR4LF
REAL#8 ILABL(10)
COMMAN /MTPE/ Q1,32,33,64,05,G86,ERROR
CAMUAN/ADELTS/TARD
COMMEN/CSCZICSC
CB"“SK/LT/LT“
DIMENSION 4(1500)
DATA L TN/0/
CALL RsSTEP
READ 1{,4NTHGT
ERROREN,001
CALL PLATS (4,1870,0,9)
PRINT 39
30 FIRMAT (' Tw® PEN TURRET ©OSITIONS ARE USED, D10 AND D1y, PLET ST
*ARTS W#ITH PEN TURRET PASITIAN D10, CMARSER PEN IS 011,'/7/)
2 FEAD (S,5,END3100) ILAAL
200 REAC 3, XMAX,YMAX,SGMAX ,mMAX, THMIN,THMAX , AWFT,RDR
ANRURSRDR
IF ( NRDR LT, 1 ) GOTH 110
SFAC = YvAXe, 125
52 ® 3 ,17S¢5FAC
Y s | ,S+SF4C
IF (LTN .G, 18) 6O TH 6}
IF ((yvaxeY), LE,9,5) Gu T8 61
80 SFAC = 9,S/(YMAXeY)
YMAX = YMAX*SFAC
AXMAX 3 XMAX®SFAC
Y = Ye«SFAC
“ 3 WaSFAC
61 X3YeJ, ek
CALL BRIGIN (X,Y)
PRINT 10, ILABL
CALL RHACHT (XMAX,YMAX,RMAX ,HMAX ,ANTHGT)
CALL LBBES (XMEX,YMAX,RMAY ,HMAX,WwHFT, THMIN, THMAX ,NRDR)
CALL LETTEQ(n.:'YoH'IL‘BLpU.O.EO)
CALL CGRIGIN (XMAX4Z aY,mY)
CALL REZER®
Gs T8 2
100 CALL ENDPLT
GATe 13V
116 PRINT 120,MRDR
120 FARMAT(//,' PRAGRAM TERMINATIAN DUE TR ILLEGAL DATA ENTERED FAR NU
#MBER AF RADAPS , , , « o NUMBER ENTERED IS !,IS)
130 CONTINUE
1 FORMAT (F10,0)
3 FARMAT( 8F19,0)
S FERMAT (1048)
10 FARMAT(3X,104R/7)
END
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STATEMENT

SUSEHUTI‘ E LARES (xMAX,Y"AX,?“Ax,I-NAX,ar-FY,TFNI'J,THNAX,\IDCQ)

THIS VERSI®Y CIMPLETED JUNE 1976 TS ALLAW PLATTING LPRING PATTERN
FAR MULTIFREGUENCY CASE w~ITh INCOMERENT INTEGRATION,
coO~MaIN/CSC/TCSC
CAMMIN /MTPE/ X2, Y2, X11, Y11, XA, YA, ERRAR
COMMON/S/xx(181),YY(181),CT1(1R81),SNny1(181),0ELL
COMMEN/DUML/RFF( 2000 )

DIMENSIAN RXNA(S0),NLUM(SQ),SNR(SO)
DIMENSIIN RFS(SD),FM=Z(50),B84D(S0),SL0B(S0)
DATA I1MAX/20007
2ATA 1CSC 7 0/
DATA P1/3,141592654/
DATA PT2/6,253125307/
CATA RDN/,01745329252/
CATA CONV/1 ,6457283333Ewy/
DATA AE / 2.,786526684E7/
\NRDS§3NRDR
RNISFLNAT(NRDS)
RFAD 9974,PNT,PFA,PULS,CASE,AFT,TILT,P,CSC
PRINT 90S,PNT,PFA,PULS,CASE,ANFT,TILT,POL,CSC
905 FORMAT (/,2X,4mPDT3,FS 2,2Y,UnPFAR,FS, 2,2X,5HPULSS,Fb,1,2X,SHCASES
*,FS5,2,2%,5~AnFT8,Fs,1,2X,SHTILTS,FS,2,2X,4mPOLS,F4,1,2X,dRCSCa,Fd,
*1,/)
NPULSSPLULS
KASE3CASE
CALL PDSN (PCT,PFa,NPULS,KASE,SDR)
SNN210,**(SDB/10,)
GAMMAZ2,3/SNN
BETAS) ,/(1,+GAMMA)
904 FARMAT (8F10,0)
PRINT 5§90
590 FORMAT(' THME CALLING PARAMETERS SENT T9 SUBRSUTINE L9BES ARF AS F®
*LLOWS')
PRINT 591 , YMAX , YMAY , RMAY , HWMAX , wHFT , THMIN , THMAX, MRNOR
591 FIRMAT(2X,SHXMAXS,FU,1,2X,SMYMAXS,FU, 1,2X,SHRMAXS,F6,1,2X,SHrMAXS,
* FO,1,2%X,SHARFT3,FS,1,2X,6HTHMINE , FU, 1 ,2X,6MTHMAXS,FU,1,2X,5HNRCRS
*,13)
Ce 84 II=t,IIMax
PFF(II) = 0,0
E 3 YMAXARMAX/(XMAXWHMAX*CANY)
EXSXMAY/RMAX
Z8WHFT#,3535534
XPay ,Eeds
YPs] ,EeusS
Ce 801 JJsS1,NROS
READ (5,802,ENN=3807) RANGE,FREN,BEAM,SDL"B,PULNUM,FREF
803 ICSC=CSC
IPAL=PAL
NUM(JJ)3PULNUM
RFS(JJ)SRANGE
FMM2(JJ)SFRER

11
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STATEMENT

AwD(JJ)swEam
SLOB(JJ)ISSCLAR
AN2 FARMAT (&F1¢,0)
PRINT 499 , RDR
499 FARMAT(//,20x, 'THE RACAR PARAVETERS INPUT FAR RAQAR NUMBER ',13
x,' ARE AS FuLLOaS")
BEINT S2,5FS(JJ) )ARFT,FUNZ(JJ),BaD(JJ),SLEBCIJ), TILT,PAOL,CSC,PLLN
*LV, FREF
592 FIKMAT(/,2X,UNRFS3,Fh,1,2X,5HAKFTS,F6,1,2X,5HFMHZS,FT7,1,2X,4HBuC3,
#F5,1,2%,54SLOR2,FS,1,2¢,SHTILTs,FS,|,2X,4~FOLs,F2,0,2X,4HCSCa,F2,0
.,gx,ehNFuLs=,FS.Q.ZX.S“FQEFl.‘7.1/)
IF (FREF  NEL0,) GO T9 S14
CaLL PRSMN (PPT,PFA,NUM(JJ),K8SE,S0R)
SNQ(JJ)S\G.’Q(SQR/[Q.)
G T9 siS
514 SNR(JJ)sENN
RFS(JJ)SRFS(JJ)*SCGRT(SSRT(FYHZ(JJ)I/FREF))
515 CONTINUE
AFSCJJ)3IRFS(JI)#(SURT(SGRT(SNR(JJII/ZSNNYY)
\RCRSNRDRe]
any CONTINUE
TILTR = TILT « RDON
THMINRETHMINRFEDN
TRMAXPSTHMAX®RDN
CELI= ¢ THMAX® @ THMINE ) / TTVvAX
PI23CE = 3,0+DELY & PI2
THET23THYINReDFL1
N 8 d
INDEX = 0
Fay,s
IDASKH3Y
CALL DASHANM
AM2SAMF TeARFT
HWAE 3 2, ® AWFT/(3,#4E)
AEH 3 AE * (AE ¢ AWFT)
PARAM 3 SQRT (AE/(2,%AmFT))
28 B10 Il=s t,I1IMAX

PF4zy,
THET2 =3 THET2 ¢ DELI
IF (THET2 ,GF, P1230E ) GITO 4o

TS = TAN (THET2)

§2 = SIN(THET2)

$3 = §?2

PSI 3 THET?2

c® An% 4=21,NRDS

RaRsBuD (M) 2R0N

Bag 3 Rukw,§

CSCT = ,7071 » SIN(Bw2eTILTR)

IF (RaD(“),LE,45,) 62 To 25)
250 IREAM=0

CANST=290,/Ral (™)

12
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STATEMENT

IF (Rwh(“),t2,360,) I8Ea“sel
GO T9Y 2S¢
251 IBEAM=)
CANSTZ|,391S7/SIN(Rw2)
ANLL SARSIN(PI/CONST)
CPATIS10,#+((13,2eSLDB(~)),05)
252 » ® 983, STI/FUNZ (M) ]
wWd 3 0,25 *
wlLIM 3 0,01 = &
FAC 3 PI2/»
PD & 2, * AHFT = §2 r
IF (INDEX LER, 1) GO T2 77
T23 = T2/ 3,
GAM 3 WAE/(SCRT (T23ww24HaE)eT23)
PSI = THRET2 ¢ GAM
§3 = SIN(PSI)
2ETA 3 PSRAM » T2
D130,57735+SART(1,+2,+ZETA/SGRT(ZETANZETASS))
PD1SSORT(AH2¢AFRaGAMaGAM) 02, #5398
IF (ABS(PNeP1)GE,~LI~) GI TA 79
78 IF (C1,LT,L4999) G T8 79
780 0t 3 1,
INCEX s
79 ED = PO}
IF (PC,LT,»d B9, THET2,LT7,0,000873) G& T8 300
68 T8 301¢
301 IF (ICASH,NEL1) GO T8 300
302 CALL CASKOF
ICASKH20
300 CANTINVE
77 CALL SEARFF (FMWZ(M),PSI,IPAL,RHO,PK])
PlZsPleZ®83/x
P1Z2=P1Z+PlZ
RUF3EXP(=3,#P122)
ANG 3 THETE e TILTR
IF(IBEAM) 260,261,262
260 PAT=,
68 T8 24
261 PATSCOS(CONST*ANG)
Ge T8 24
262 IF (ICSC,NE,1) GO T8 &1
80 IF (ANG,LE.R»2) G® T9 61
60 PAT = SCT/S2
Ge T9 24
61 IF (ANG,NE,0,) GO TO 2%

3 22 PaT 3§,

¢ Ge TO 24

2 23 LU 8 CONST » SIN (ANG)
¢ INT &8 JU/PIR2

. PIFF 8 Uy e INT « P2

IF (ARS(ANG)LEJANLL) GO T9 1ef

13
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STATEMENT

160 CPAT 3 CPAT)
GA TO 162
161 CPAT 3 1,
162 PAT 3 CPAT#SIN(DIFF) /UL
: 24 ANGR 3 THET2 ¢ TILTR ¢ 2, % GaM
3 IF (IBeAM) 270,271,272
: 270 PATRsY,
G3 T8 27
{ 271 PATRZCAS(CINST#ANGR)
Go T8 27
: 272 IF (ANGR,MNEL0,) G® T° 26
k- 25 PATR = 1,
3 GO TO 27
26 UUR = COMST & SIN(ANGR)
3 INTR 3 HUR 4, PI2
F DIFFR = UUR e INTR # PI2
I IF (ABS(ANGR),LE &NLL) G2 T 66
CPAT = CPATH
GN 10 67
66 CPAT = |,
67 PATR 3 CPAT#SIN(DIFFR)/UUR
27 IF (ABS(PAT),GE,1,E=dd) GA T8 29
IF (PAT,GE,0,) GY TO& 28}
280 D 3 «RHO*RUF#*PATRw»| EUSeD]
30 T8 %0
281 C=D!+RHARUF+PATR#] EUS
J 68 TY 3¢
i 29 0 = Dis PH® « PATR/PAT # RUF
3 30 ALPHA = FAC » PO & PHI
INT1 = ALPHA/PTI2
3 PIFF1 = aLPrHAe INT1#P12
3 F 2 ABS(PAT)a SART(1,0 4 D#D + 2,0#D«CAS(DIFFY))
& RXNG ()3 (RFS(M)aF)ned
‘ PFUSPFU+SART(SGRT(RXNU(M)))/RNA
805 CONTINUE
RNGEPF U
RNG2ERMNG*#RAG
ANGUSRNG2*RNG2
FACMINSI0,
: °°7 SU“EN.O.
% DR 998 MM={,NRDS
¢ RRATIOERXNG (MM)/RNGY
; PNOSFLAOATCHUMCMMY)
SUMENZ (PNA/PULS)*(RRATIC/(1,+GAMMA/RRATIN) ) ¢SUMEN
998 CONTINUE
FACMN2SFAC™MIA
FACMINSSUMENBETA
FSUMSFACYNR4FACYIN
S IF (RNGL,EQ,0,) G3 TH 993
IF (MBS (FACMIN),LT,0,01) GB T8 993
2 IF (FACHIN,GE,=1,) GO T8 902
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3
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ax®

,QXm'
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o Vel .“hw';




ST ST T Y

aa i

TR

e

g i

s 4

S

i RS L. ool AU AR B

3
1

SV

902

963

999
ayo

45
500

S0t
sng
g03

SGe
508
506

507
508
S09
510
511

o0}

2

STATE“E"

mANUYRAT T(FACMIN)

FPACY [t esFACH T NemINLY
cﬁ‘!?l.\.i;ﬁ

RPREVIRNG
ANGUBRNGEe () ,+FACMIN)
ENGSSART(SGRT(3INGY))
RDIFF2ARS (ROCREVeRNG)

IF (PDIFF LT, 0,1 ,ANCFSLY,LT,0,01) GO T8 993
G0 19 997

CANTINUE

PFF(I1)=RYG

CINTINGE

TeET22ThRYI MRkl L

De 80s TIsy,IIvax

AZPFF (1T1)Ex

TRET2 3 THET2 ¢ DEL!
NaNed

X 3 4 « CIS(TmET2)

Y 3 A « B # SIN(THET2)
1P (X, LE XMAX) GI T& SCf
ISyt x=8

GY T3 S02

ISuMxsn

I1F (Y,LE,Y“Ax) G® TP S04
Isu“ysdy

G® 79 508

ISuvY=sQ

IF (XP,LE,xMAX) GA T8 507
IsuvxPs2

GO T8 508

ISUMXPs30

IF (YP,LE,YMaX) G® T9I 510
IsuMyPsy

6o TH St

ISuMYP3z)
TSUMBTISUMXSISUMYSTSIIMXPeISUMYP 4
GO TY (601,AM2,605,6802,605,620,620,620,609,620,620,620,605,620),
«ISU¥

IF (N,NEL1) GO TH 3

CALL PL2T (Xx,Y,3)

x2sux

y2sy

YPsx

yPsyvy

GATO &ne

IF (NNEg2) GO 7Y 4
Yasx

YAsy

1Psx

yPsy

X{isx

15
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b Py e

Lo

TSR

T

r
s
e

1

g Wl Tt

i .

440
620

602

621

509

009

4n
65¢C

651

652

STATEMENT

Yiisy

GIT™ 8ne

CALL MINTAP (X,Y)

XPax

YR3Y

IF(T=ET2,GE,THMAXR) GY T8 40

GATY Rue

IF (N EG.1) G T& 620

CaLL DASHAN

IDASKH=20

IF (IAXIS,EG,1) CALL PLAT(XMAX,YMAX,2)
CALL INTRST (0,, YMAX,xMAX,YYAX,X,Y,YP,yP,x0,YQ)
CaLL PLAT(X0D,Y0,2)

CALL CASHOF

Xgsxg

y2syo

XAzX

X113X

XPsx

YASY

Yiisy

YP3Y

Nz2

GATA Bps

IF (N,EG,1) GO TA 20

CALL DAS=ON

1048Hz0

CALL INTRST (XMAX,0,,XMAX,YMAX,X,Y,XP,YP,x0,Y0)
G T9 e21

IF (N ER.,1) GO T8 620

CALL MINTAP (XP,YP)

CALL PLAT(XP,YP,2)

CALL IMTRST (0,,YMaX,XUAX,YMAX,X,Y,XP,YP,X0,Y0N)
Iax18s2

CALL PLYT(X0,Y0,2)

Gy T9 620

IF (NGEQG1) GO TA 620

CALL MINTAP (XP,YP)

CaLL PLOT(XP,Y9,2)

CALL INTRST (XMAX,0,,X"AX,YMAY,X,Y,XP,YP,x0,Y0)
{AXISsy

CALL PLOT(X0,Y0,2)

Gh T8 20

TF (ISUM NE,1) GO T® 654

CALL PLOT(X,Y,2)

RETURN

IF (X, ,GT XMAX AND XP,GT XxMAX) GO T* 652
Ge TO #S3

CALL INTRST (XMAX, 0, ,XMAX,YMAX,0,,0,,X,Y,X0,Y7)
CALL DaskHen

IF (YO LE,YMAX) G2 T8 655

16




STATEMEMT

oS4 CALL PrLoT(xix,Y*dx,2)
CALL THTRST €0, ,¥M0x, x4, YPAX,0,,0,,%X,Y,X0,Y0)
a9S CALL PLeT(¥7,Y0,2)
CALL CaASHNOF
SETUAN
853 IF (Y, GT, Y ax AND Y8, GT, ¥YMAX) G TR 0954
Ge T 57
656 CALL CaS=Av
CALL INTWHST (O, YMAaX, XMAX,YMAX,0,,0,,X,Y,X0,Y0)
IF (0, LE x™ax) G& T& 6959
552 CALL TNTRST (XMAX,0,, XX, YMAX,0,,0,,%X,4Y,X0,Y0)
bh CALL PLYT(XC,Y0,2)
CaLL TasSnm32F
&S IFETURN
659 IF(IAXTIS,EG,1) CALL PLOT(xMAX,YMA8X,2)
GE T2 660
806 CONTINJE
GaTA 209
80Y FRIMT a¢s
R0R FARMAT(1NY,! END OF FILF wAS REEM READ «WFRE DATA CARD SHOULD ®E!)
ang END

—
P
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ween STATEMENT

SUHRAUTIYFE BOSN(POT,PRA,“F LS, aSE,SD8)
J FYTERMAL PO

DIMENSTON NBO(S) SLOPEC(S),PRRAC(S)
CamMaN /PDS/ PFLAST,NLAST,KSLAST

DATA PFLAST/N,/

CATA NLAST/0OY/

DATA KSLAST/=1/

CATA CRU/12,5:14,014,4013,2013,2/

CATA SLOPE/6,07 08,407,088,/

CATA PDFAC/4,8,20,02040158.013,.7

CATA CEVYIN/e30,/

CATA QORMAX/S50,/

NATE CEL/N,/

DATA CRB2/0,/

CATA PDLAST/0,/

IF (POT,“E,PDLAST) G* T& 20

IF (PFa,NE,PFLAST) G& T® 20

IF (NVPULSE,NLAST) GO T4 2n

IF (XASE,ES.“SLAST) RETLAN

PRLASTSPCT

PFLAST2ZPFA

NLAST2NRLLS

KSLASTZKASE

“3KASE + 1|

PULSsNRUILS
CRIZOBN(“)eSLIPE(X) AL AGLI0(PULS)*(PDTe,S)aPDFAC(H)¢(PFlal, o, lel,
CR2s3DB1+2,

CALL IM»VERS(RRMI .E"“ll.D‘H.PBZ.U.IS,-\JI.SCH.?Cl.931',9'?)
ENC

D e -

W’ -3

T T T e
—
(o]
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STATEMENT

FLhCTISN PECSNDE)
CeMvan/POnG/FAa,* ,<8SE
“EaN
FANSFA
KASsSK ASE
s CALL “2RSaX (SWDR,~F,FaN,ka5,P01)
FOsSFD1
EAD

s

—

L

T BT
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STATEMENT

SURRALUTINE IAVERS((MIN , YMAX, XL®,X=T, SIG,LIM, N T, X,F1,FT,F)
TEST 3 (O, ve(erSIG)
FR 3 FT
I1F (FT ,EQ, 0,) FND = 1,
NET 3
DELTA 3 x~] e x_ ¢
x1zxL0
X2sxm1]
FisfF(Xxy)
F2sF(x?2)
SLOPEs(F2eF1)/(Xx2eXx1)
18 (SLAPE,MNF,0,) GO T® 21
1) FMAXSE (x“AX)
FMINSE (X™IN)
SLOPE 3 (FMAX®FMIN)/Z(X“AXaXMIN)
21 IF ((F2=FT)«SLEPE,GE,D,) GY T9 23
22 xtsxe
FiaFe
X23X2eDELTA
[F (X2 ,G5T, x™ax«) vY2zxvax
F2sF(x2)
Ga T9 21
23 IF ((FTeF1)#SLAPE,GE,0,) GY TO 25
24 xg=xi |
I X1sxieNELTA i
; IF X1 (LT, XMIN) xyaXMIN
E2s3F
FisF(x})
G9 T® 23
25 XAsx\
4 xBsx2
i FaszF?
: IF (B8RS (F2wFT),GE ARS (F1eFT)) GO T »
7 FaesF?
FasFi
FisfF22
Xg23x2
xg=x1
X13x22
Gy 19 &
1 Fi1sF(X)
X{sx
TEST! = ABS((F1=FT)/FD)
: IF (VTEST1,GT,TEST) G T8 ¢
| 2 RETURN
6 IF(NBI LT, LIV) G8 T® 13
12 PRINT 40
PRINTY 41, LIV
i PRINT 42, X“IM, XMAX, XL", XHY, M§IG, LIV, NOI, X, F1, FT
b RETLURN
13 IF (F1,NEF2) GO TY i

*r

20
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STATEMENT

| 15 IF (Fy Rk ,FR) 6 7O &
i 17 x83x]
? X23xR
y Gd T8 19
12 xdsx{

x2sxd
19 x3(x4ex3)2,5

GY T3
1n XYS(Xlex2)*(FTeF2)/(FleF2) + X2

IF (Y LT, Xx4) x3xA

IF (x .57, %B) x3x8

MIT ‘s ML e |

F2sF)
E x23x1

Ge T3 1
-4 :’="i7 (/7! VESSBGE FRMAwW SUREAUTIMNE INVERS ee '//)
4] EAEvVAT (1 FEIINCTIAN TLVERSIAN MNAT AfCAM HED U
S g IYEGAYI“\S.'Z) RSt T ACCYMPLISHED aITWIN SPECIFIFD
42 FORMET (4! INVERS FAQANETERS ~ERE ',4 )

Figh L R S E ')4(E10,3,2x),3€13,2X),E1C,3,

ENC

b

s
.
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P

10

12

16

20
22

24
30
1

STATEMENT

SURROUTIIE MAaRSWR (SMNOR,%M,FA4,xKASE,PN)

CAURLE PGFCISI®Y ENPR,YHPR,GAMPR,PYR,k,Y0,E0,YL,E1,STERP,YR

CAURLE PRECISIAN NGAY, DEVAL, SUML®S, SUML, FA&N, F*

SAR 3 10,2« (SNDRw, 1)

“enesy

IF (M8RE) &00, 800, 900

FANSDLEG1Q(DLOG(L,SCOY/PLAG( 1 =(10,00)#n(mFa)))

G® T0 9nS

FAN s FA

IF(N) 99,99,2
IF(FA)Q9,99,3
IF(KASE) 99,d,4
IF(‘ASF‘4) 5.5-99

ENPR 2 9,

ENPR = FAN

EN = N

Y3FR 3 9,

1F (NPREV ,EG, N LAND, FAPREV
IF(Net2) 7,7,8

;RpﬂzENt(l.*?.Z'ENPP/E"'((Z.DOIS.DO)‘O.GIS'ENPE)J
g Te 1t

YAPR 3 ENa(],41 34ENPR/F an(,54,011«ENPR))

ENPR 3 (0, ,*#FNPR

GAMPR =z DGAM(YRPR,VNel)

PYR 3 ,S5ee(],/ENPR)

SuML s SUMLIAG(Mel)

IF(GAMPRePYR) 10,12,12

LE IR

Gy T8 14

- = -.01

Y YRPR

CEVAL(YO,Nef,SIIML)

YOom

CEvaL (Y], M=l ,SUML)

STEP = GAMPR ¢ mMw(EC+E1)/2,

IF ((CSTIGN(]1,00,3TEPePYR)aCSIGN(L ,DN,F))ES,0,) GO 7% 20
Yn s vt

Eo = £y

GAMPR g STEP

GO TS im

IF(=) 22,2424

YE 2 Y| e Ha(PYReSTFP)/(GAMPReSTFP)

GM TY 30

YR 3 Y0 ¢ H#(PYRaGAMPR)/(STEPGAVPR)

BIAS s YB

YE = RATAS

“PREV = "

FAPREV 3 F&

x 8 §NEO

K 3 KASE+1

GN TY (100,200,300,400,500), %

JEC, FA) GO T% 777

<
—
"muen
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STATEMENT

fne SLM 2 o,
P o3 ENex
IF(YReFeir) 150,102,102

“(Eie1,)/2, ¢ CSAST(((ENey,)/2,)nx2+PaYR)

MAKO (%§,0)
1,=GAN(YB,KSeNml, TN)

EVAL(P,X8)*G§

x
w
Nuan

110 TEMP 2 SUMSTERM
IF(SL“aTEMP) 112,116,116

112 Sy’ s TEHP
IF(%) 1148s11E,114

11d TERM 3 TERMaPLIAT (X)«(GeTL)/(FeG)
G 3 GeTL

S Ke|

S TL#FLJAT (XeN)/YR

Ty §19

S TNRYR/FLMAT (KS+N)

116

TERM = TS+FP G/ (GS2FL*8T (k))
7 127 TEM“P = SU™+TFRM™
: IF(SU“eTEMF) 122,190,190
{22 SuUM 3 TE“P

E; TL = TLeYI/FLOAT (KeN)
K 3 Ke
TERIV = TEwr“aP# (GeTL)/Z(GeFL2AT (K))
5 3 GeTL
6Y Y gy
g ! 150 K§ 3 ey, = EN/2, ¢ NSGRT(EN*#2/4,+P»YR)

XS = ~axQ (XS5,0)

GS 3 GAM(YR,kSeNef,T\)

IF(GS) 174,174,155%
155 TS = EVAL(P,KS)*GS

G = GS

TERM 3z TS

K = AS

TL 3 ™
16C TEMP 3 SUMGTERM
3 IF(SUMeTEMP) 162,166,166
. 162 SUM™ 3 TEMP

IF (k) 185,1m0,164

i {6d TESM 3 TERQYRFLJAT (X)#(G+TL)/ (PuG)
' G 3 GeTL
TL S TLeFLRAT (Xehwl)/YR
® 3 ‘-!
68 T8 1s¢
i 1t TL 3 TNRYR/FLAAT (KSeN)

23
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STATEMENT

K 3 KSe|
G = GSeTL
TERM 2 T3e¢PeG/(GS«FLIAT (K))
170 TEMP 3 SI'tt ¢ TERM
IF(SUMeTEMR) 172,174,174
172 Su™ s TEMP
TL 3 TLeYHR/FLOAT (KeVN)
TERM 3 TERM#P#(GeTL)/(GaFLIAT (K+1))
G 3 GeTL
K 3 Ko
Ge T2 170
174 SUM 3 1 ,eSUM
190 PN 2 $UM
Ge8 79 SO
290 IF(Net) 210,210,220
210 PN & DEXP(eYB/(1,¢X))

58 19 90 1
220 TEMP 2 1, & {,/(EN#X)
f BN o3 1, e GAM(YB,Ne2,DUM) ¢ DEXP((ENe]l  Y#ALAG(TEMP)eYB/ (1 ,+EN*X))
- QGA.“(YB/TEMP'N.a'DUM)
GO T® 90

30¢ IF(Net) 310,310,320
310 PN 3 DEXP(=YB/(1,¢X))
G® T9 91
320 PN 3 1, @ GAM(YB/(],+X),Nal,DUm)
Ge T8 99
4no IF(Ne2) 410,420,430
110 PN 3 (1,42,#XaYB/(X42,)2%2)#DEYP(w2,2Y8/(2,4X))

GE TO 90 |
420 PN 3 (1 ,+YB/(1,+X))+DEXP(aYB/(],4X))
¥ GO T® 990
] 430 € 3 2,/7(2,+#EN*X)
! 0 3 1,=C

IF(YBaD=EN) 440,450,450
uaep SUM = 0,
TERM = 1, |
J 3 N ]
4u2 TEMP 3 SiUMeTERM
IF(SUMaTEMP) dUd,uub, 446
444 SUM 3 TEMP
TERM 3 TERM«YB#D/FLAAT (J)
i J 3 Jet
' GO TO 442
e 446 PN = {, e GAM(YB,Ne2,NUM) « CaYSebVAL(YB,Ne2)
i L

¢ DEVAL(YB,N@1)w(l,+CaYRe(ENe2,)«C/D)aSUM
E GO T8 90
g 480 PN 3 1, e GAM(VYE ,Ne3,0UM) & YB#EVAL(YB,Ne3)«C/C
1 ¥ ¢+ DEXP(eC#YBe(EN®2, ) *ALAG(C))#(1,+4CeYBa(ENe2, )¢C/D)
g * *GAM(YB#C ,Ne3,DUM)
x. GO T8 90
B Sc0 SLM = ¢,

24

Y T TR

>

2




=¥
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R B ot R

51¢
512

516

516
18

520
522
524

S5ee
55¢
552

STATEMENT

C s
Pr s
G =
P =

2,/(2,%Y)
1,=C
Cild
Cev3

S 3 (3,4ENe(YBeD))/2,eDSGRT((ENel,+(Y3eD))an2/4,+(YBeD)«(ENS1,))
K§ = MIM) (eS,M)

RS 3 MAXO (Kk§,M)

K 2 K§

J 2 hew§

FXS s k8§

K 2 MINQ (KS,N)

IF(YBefhe(],+D)) 550,%21,501

(S 3 1, = GAM(P,2+Yelexs§,T\)

IF(GS) 528,526,572

TS 3 DEXP(FKS*ALOBG(C)+(ENaFKS) AL 3G(D)+SUMLAG(N)eSUMLOG(KS)
* «SUMLAG(J)+ALNG(GS))

G = GS

TERM = TS

TL & T

TE“P 3 SUM+TER"

IF(SUMeTEMP) 512,516,516

SuUM 3 TEMP

IF(%x) S164516,514

TL = TL*P/FLOAT (2#heK)

TESM & TERMAFLMAT (K)w(GeTL)/(A*FLIAT (NekKsl)eG)
G = GeTL

K T Mel

G3 T Sst0

IF(kSe') 518,526,524

TERM 2 TSeCaFL®AT (NekS)Ix(GSeTV)/(FLAAT (KS+1)+GS)
G = GS-I"

TL 8 TNSFYAT (2#NelaK3)/P

K 3 KSel

TEMP = S|yMeTERM

IF(SUMeTEMP) 522,526,526

SUM s TEYP

IF(xen) 524,526,526

TERM 3 TERMeG#FL2AT (Mek)w (GeTL)/(FLIAT (Kei)eG)
G = GeTL

TL 3 TL#F[MAT (2+NelekK)/P

K 3 Kef

69 19 529

PN 8 SUY

Ge T8 9)

GS =2 GAY(P,2eNelekS,TN)

IF(GS) 576,578,552

TS 3 DEXP(FKS#ALG(C)IS(ENSFKS)«ALIG(D)«SUMLAG(N)aSUMLAGIXS)
* eSUMLG(J)#4L"G(6S))

G 3 GS

TESv =z T§

L 3 ™™

lﬁ.A.a.
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Sen
Sa2

964

Qa8
Seé&

870
572
574

S7&

99
91

92
93
Q4
99

-]

*
*

STATEMENT

TEVP = 3 “eTERY

IF(SLvalTEVP) 562,560,506

LM = TEMR

IF(n) SHmn,5hk,564

TL 3 TL#P/F AT (2eNex)

TERM = TESMeFL 94T (M) #(GeTL)/(CeFLNAT (Neks{)*G)
G s GeTL

K 3 "e

6N T® 840

IF(XSeX) S68,57¢€,574

TEEM = TSeNeFLAAT (“eKS)a(GSeTR)/(FLIAT (KS+1)=GS)
3 GSeTi:

TL 3 TU*FL %A1 (2¢llef{exk§)/P

“« = XKSe+1

TEMP = SLMeTERM

IF(SUMeTE“P) 572,574,576

SLM = TENP

I[F(xeN) S74,576,576

TERM = TERMeNeFLYAT (NeK)#(G4TL)/(FLOAT (X+1)2G)
G = GeTL

TL 3 TL*FLMAT (2¢hejex)/P

K 3 Key

G3 T8 S70

FN o2 ,eS0M

GO0 T? Q)

IF(PN) 91,94,92

PN = 0,

GY T® 94

IF(Fhel,) 94,94,93

PN 3 1,

BETURN

“RITE (81,9) MoFA ,SNR,KASE

FAPMAT (1~0 /S0~ UNREASANARLE CALL SEGUENCE T& MARCUM,

748 GIVEN /4w N = I8,S%x,SHFA
E16,R8,SXx,6KKASE 3 [R)
PN 2 9,
R1aAS =2 ),
RETURM
EnD

26
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ZERE RESULT
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STATEMENT

FLUMCTIAN [GAM(R,*)
CeURLE PRECISTId Su~, TERY,TE~P,FJ,DGAM, NEVAL, E, SUL,SUMLAG
Su™ 3 ¢,
K 3 =
IF(<eN) {)u,200C,200
100 J 3 Ney
SUML = SUMLEGCJ)
TERM 2 DEVAL(B,J,SuML)
16 TEMP & SiUMeTERM
IF(SUMaTEMP) 15,20,20
15 Sy~ = TEMP
J = Jey
FJ =3 J
TERM 3 TERNMwE/EJ
GO T°* ¢
20 CGAM 3 3uUM
RETURN
200 J 3 N
SUML 3 SUMLAGC(J)
TERPM 3 DEVAL(B8,J,SuML)
S0 TEMP 3 SUMSTERM
IF(SUMeTEMP) 35,40,40
35 SuM s TEMP
IF(J=1) 46,368,386
36 FJ 3
TERM 3 TERM#F J/R
J 8 Jety
G8 T® 30
40 DGAM 3 | ,eSuM
RETURN
END
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STATEMENT

FUMCTTIAN DEVAL (Y,%,8u%L)

DAURLE 2RECISIAN  (PAN,EN,DEVAL, Y,SUML

XYPAN 3 aY
IF(N) 27,20010
10 EN 3 N
XPAN 3 XPANSENEDLAG(Y)eSUML
20 DEVAL = CEXP(XPAN)

28

RETUGN
END
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STATEWENT

FLSCTTIAY AMER,N,TN)
S s (A
K = &

JF(xet) 100,206,200
100 J 8 Ve

TERPM 3 EvaAL(R,J)

Th 3 TER“«FLMAT (J)¢F
Yo TEMP = SLreTERM

IF(SUveTE4R) 18,20,20
15 SUM = TEVE

J s Je!

Fd 3 J

TEEM 3 TERVAR/F)

G® T2 19 E
20 GAM 8 §U~ :

RETURN
200 J 3 M

TERM = EvaL(8,J)

TV =2 TERM

30 TEMP = SUMETERM
IF(SLY=TE™P) 35,400,420
38 Sy™ s TEve
IF(J=1) 40,30,36

3¢ FJ =
TERM 3 TERVeFJ/B
J s Jei
Ga T8 30
0) GAM = | ,eSUM
RETURN
g, END
4
&
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STATEMENT

FURCTIAN EVAL(Y,')

XFEN 3 ay

IF(N) 2G,27010

FA 2 N

XPAM 3 XCANSENSALRG(Y)wSUMLAG(N)
EVAL 3 ExP (xPAN)

RETURM

END
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STATEMF W

PLPCTIAY SUMLAG(N)
NepELE BRELISIN 8, B, SUMLAG
NIMENRTAY &(1uon)

TATA D8 /4 04/

CATA CuMé ¢ 0.7

TATA NLAST/Y/

NMAX8LOD

IF(OuUmaen¥E) 20,10, 20
Teva s o,

GUrS 3 0,

nLAasT = 1

A(1) s 4,

Nk 3 T8RS (M)

[F(NNay) .SV'.S().'"‘:
SumLAG 3 9,

BETUSN

IF(MNeMLAST) 50,50,80
SUMLAG 3 ACNK)

RETURN

X = 'LAST#

IF (NNe\MAK) 70,710,230

Ce 72 Isx,%N

A(l) = A(l=1) & DLOG(DFLNAT(I))
“LAST 3 \N

63 T4 §n

IF(NLASTeNM AY) KD2,890,090
NA Ag Is3w,MNMAX

ACI) 3 a(lel) ¢ DLOG(CFLIAT(I
NLAST =2 hvAX

B s A(N1aX)

K = NMAKe

TN 92 I3«,'n

R 3 B « DLAG(DFL®ATCL))
SuU~LeG s 3

RETURN

END
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490

491

492

493

484

495

93

e

STATEMEMTY

SURROUTIME WHACHT (XMAX,YraX,RHaX, Vo), ANTHGT)
ExTERMAL F

DIMENSTO SN(181), R'GIC181), TNIC1B1), JA(e)
CIMENSTION X2(186G),YZ(180)

[ ITMENSTIY IRFAC (9), IwFAC (3)

CAMMIN 4/ KEF, GRAD, =AT, Co~ST, U(1B2), N
CAMMEN /MTPE/ X22,Y220%11,Y11,X44,Y84,EKRAR
DIMENSIAN 1ANMG(9),AANG(9)

CoMMEN /B/ XXx(1A1), YY(181), CT1(181), SNIC181), DEL
QATA ERPRIR / 001/

NaTa ReF/,200313/

raTA GRAN/ 00004384822/

DATA IANG/Y,20,31,51,71,121,151,172,181/
DATA AANG/D 450l s0300Sae1040304900,,90,/
RATA IWFAC/SC,100,500,1000,56G0G01900C,50000,1C3000/
DATA [RFAC/S,10950,100,500/

DATA JA/31,S1e71,121,151,172/

CaLL PENCHG(19)

NELESXMAX® Oy

IF (YMax, T, ,xMAX) CglL3y™axe, 0y

BA 3 6076,1159«RMAXNYMAX/ (NMAX#XMAX)

542 3 AR

PREC & ,0n00Y

CANST = ,30uB/1852,0n

RADEB20E9ROSN, 1 34ANTHGT

AB 3 1,0 ¢ REF

AB2 = ARe4R

CO 3 2,0 * REF ¢+ REFaREF

ELEY s .OUZ 3

[I=9

ne 29 Jist,s

GO TO (490,491,d92,493,494,49%), JI

A0EL = ,72

MMz20

G®* T8 s}

A0EL = 1

Ilyaqs

Ge T8 s1

ACEL3,S

vngao

GY T0 51

ADEL =3 1,0

Vv;as

Gy T8 sy

ADEL32,S

wugi2

Ge T8 s

ADEL3S,9

Nu:;

N 29 Ik 3 {,u™

11114y
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STATEMENT

ELEVIELEVSAREL

BpM 3 ELEN/ST 429577957
SNCIT) 3 SIN(ROM)

S 3 SN(II)#e2

I (I1) = 432#+5«CD

TF (I1,5E.131) GI T 3ey
3o Th 3 TAN (D)

RNty s ATA'. (BAxTH)

TNICIT) = TAN (RDMY)

CTi(Il) = COS(RDNY)

SNI(IIY) 3 SIM(RDMY)

L& T8 29

3el CTI(Il) 3 ¢,2
Sfell) = 140
29 CONTINUE
RESRARXMAX
Y 29¢ Ixs 1,180
RATSSART (a2 (Th1(Ix))ex2)
XZ2(TX)suaYara/meT
2699 YZ2(IX)s3«Tri(IX)/BAT
1 3 0,0
IJv & 199
JMax 3 INT (ALCGLu(~“AX) e ,477122)
“INTS R, ex(JMAXe])
1J2 &8 (="Ax/(1C,*e(J"8Xe1))¢ ,001)
RMxslJoelder (JMAXe])
09 30 J = 1, JvAX
IF (J G Eie JM&X) IJM = 1JGQ
IF €d.MEql) G T %
2 Id & 10
0 T8 4
T I1J s 2n
¢ Df 301 = IJ,1J¥10
M2 3 1 & 10 x% (J e {)
IF(=2,FEQ = "”X) CALL PENCHG(11)
e 304 K =2 1, 181
Ng18len
IF (H2 (B3, 10 4) F*GL(N) 3 0,0
1F (“Z.E’?.10..“-'7.".5'3‘.1) GO T s
G8 ¢ 7
6 HAM 3 FEF#GRAC/AR
RI = 1 ,0/RAD
GG 2 2;7%(R] e GAM) :
GMNG2 3 (CANST#AB/GR)#2,0#SURT(CReM2)
Gy To R
T CALL SIMCOM (Mf,42,PREC ,1S5,RIMC,M01,R,FL)
ENG2 = RMGU() ¢ RINC
A RAGI(NY 8 RNG2
IF (*2 LT, =INT) GY TR 304
A = RNGR*YYAx/RMAX
R = RAed

e

-
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e 2

RO

T RTEEE

“e

47

7R3
747

788
304
308

a

v

TEA

789

STATEMENT

IF (N AMEGIRLY GO TC 47
CaLL PLIYT (0,.73,3)
Xx(181) = 0,

Yr(ia1y s 8

X230,

YzR

X230,

Y2228

GO TO 304

1L AST 3 X

YLAST 3 ¥

XZAXZ(N)/XMAX
YSAYZ( )/ XMAX

IF (R2,VE=MaX) Gd T4 68
XX (N)SX

YY(N)3Y

IF (K NEL2) GO TH 784
x11sx

Yiysy

xa4zX

YAA 3 V¥

GI T9 304

IF (X LE (XZ(NY+,0001)) GN T 783
CALL INTOST (XLAST,YLAST, X, ¥, X7 (M), YZ(M), a7 Nel),YZ(Nel),x0,Y0)
Cali MIVTAF (x0,Y0)

CALL PLAT (xn,Y),2)

IF (H2,E3,~“AXx) 6GA T6 7AS
GY T 398

IF (K, NEL1A1) 6 T9 P8n
CALL MINTAP (Xx,VY)

CALL PLAT(X,Y,2)

XCAR 3 «

YCOR 3 V¥

Gy T8 304

CALL MINTAF (X,Y)
CaNTINYE

1 3 W2

CIuTINUE

GO T® 749

CALL PLIYT(XZ(1)404,3)

0% 786 Nk3f,N

XX (NK)ZXZ("K)
YY(NK)SYZ(NK)

CALL PLOT(XX(NK),YY(1ik),2)
CaLL PLAIT(XD,Y0,2)

XCOR = 40

YCOR 3 YO

X30,

Y = yYMaX

CALL PLIT(X,Y,3)

Y ® 0,0
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dex
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91

92

73
730

732

72

as

L1
260

L |

1

STATEMENT

CALL PLYT(x,Y,2)

asatix

CALL BLAT(x,¥,2)

CalL PENC™E(10)
KAMSRMAXe] |

INTRS N

IF(RMAX LT, 100,) INTHZS
IF(RMAX, 6T, 3gr,) [LTR=2S
re 3y KASINTR,kA¥,INTR
5G 3 %A

A = RGexMax/RMAX

R = 34«4

ny 38 «xC 3 {, 1814

RSz«

IF (KC,NE,181) GO& TA G2
CaLL MIWTAP (0,,3)

CALL PLAT(D,4,8,2)

Ge TN 3

XSA#KZCKC)/XMAX

IF (X 6GT,x¥(1)) G& T8 3y
yaey2(<C)l/x™ax

IF (Y LE,(YY(XC)+,n001)) G T& 72
[F (KR NE 1) Gf Ta 731
x|=sxCOR

YisYCIr

G9 TOo 782

X|{3xX(«Ret)

Y{ 3 YY(XRe{)

X23xX (KR)

Y2 3 YY(RR)

XR=X

Yd s v

CALL INTRST (X1,Y1,Xx2,Y2,X4,Y8,XR,YE,XC,Y0)
CALL PLAT(Xx2,Y0,2)

Ge T8 31

XA 2 x

YA 3 v

IF (KC,NEo1) G® TO 86
CALL PLOT(x,Y¥,3)

x22sXx

vpesy

G2 79 338

IF (KC,NEL2) G TH 8ot
Y{i{sx

vi{sy

LAdsX

vyAdsy

e Te A

CALL MINTAP (X,V)
CANTINUE

CAXNTINUE
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364

369
370

kY-X8
365

37%

37¢
377

37

46

STATEMENT

CaLL ATIC¥(1,26,5,4,5)
CALL ATICa(27,714145,10)
CALL ATICX(73,141,2,2,9)
CALL ATICK(142.151,1,9,%)
CaLL ATICK(I156,14m,5,0,2)
CALL ATICK(1&R,178,2,1,2)
CaLL ATICH(179,181,1,1,2)
OO 34 kF 3 {1, &

ME o3 JA(KF)

X 8 Cq0

Yy 8 0,0

CALL PLET(Y,Y,3)

X 3 XX(NF)

Y 3 YY(NF)

CALL PLAT(X,Y,2)

CaNTINUE

KT 3 9

Lo 364 Ky = 1, 4C0

KT 3 KT + |

IF (KT, NEL10) GO T® 3a9
FAC 3 2,0

KT 3 0

G T3 370

FAC 2 1,2

2 3 kY = |

X = R2exMAK/RMAX

IF (x ,6T, (XMAX ¢ ,0091)) G7 T3 365
Y =2 0,0

CALL PLOT(x,Y,3)

Y = e FAC * DEL

CALL PLET(Xx,Y,2)

CONTINUE

KS = 9

KJM 3 HMAX / AINT ¢ 1,001
CY 37 wJ 3 1, wJ™

XS 3 <5 ¢ |

IF (x§,ME,10) G T3 374
FAC = 2,0

x§ = 0

Gy T8 377

FAC 2 1,0

H 3 HINT 2 (KJ o))

Y S MayHdAxX/mHMAY

X 3 0,0

CALL PLAT(Xx,Y,3)

x 3 e FAC * DEL

CALL PLOT(X,Y,2)

COMTINILE

CaLl PENCHG(11)

IF (xMAXeaYVAX) dbC,ub0,461
SFACSXMAX «, 125
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iy
; an?
101
120
102
193
E) £19
23
5 123
. 120
a0
2
i
12!
4
=073
k¥
5
2
EE
Lo
t
-
¢
:

STATEMEAT

G T9 4ag
SPACSYMEL L, 129
~3,179S5FaC

08 160 = 3 1, S

MR 3 R'A« / IRFAC (IR)

IF (NR,GT,10) G¥ T2 (oA
TRUNTT 3 IRFAC (IR)

Gy T& yoo

conTinue
IRUNITSIRFAC(S)

"e {10 I+ 3 3, 8

m 3 mMAX / IWFAC (IW)
IF (e ,GT,10) G T2 110
IRUNIT 3 TwepFAC (IW)

Gy T2 124

CALTINUE

IHUNIT2ImFAC(8)
A3=,05s5FAaC
Yze,SeSFAC
CALL IMNUMER
o= IRLNIT
IDGITS=4LAGIO(FLOAT(N))1,00000!
CALL SENTER (=,IPGITS,IDGITS,BIAS)
X = (N/R“¥AX) » XMAX @ RIAS

IF (X + BlAS ,GT, xMAx) GO T® &1
Call IMUMBR (X, Y,M,NyQ0,0)
Y3 N e IRUNIT

G8 TY 129

Yzel ,0#SFAC

CaLL SENTER (H, 21,21,8148)
X 3 (0,5 % X4AX ®» RIAS

CALL LETTER (X,Y,m,21HRANGE,
Xse ,S#SFAC

Yse ,NB7S*SFAC

CALL INUMBR (X,Y,h,0,0,49)
8 ImitN]T
TRGITSsAL NGO (FLOAT(N))+3,000001
(=m( 1SRG TSeSFAC
YS(N/=MAX)eYHAXe (BTS2 SFAC

IF (Y ,GT, Y“Ax) G TO A(C3

CaLl IMNUMBR (X,YyHyN,0,0)

L3 N ¢ ImUNIT

G T8 121

X 2 ef , 4)QeSFAC

CALL SENTER(~,33,33,R1AS)

Y = 0,5 * Yr&X e 84§

CALL LETTER (X,Y,m,33~TARGET WEIGKT ABUVE ANTENNA, FEET,90,,33)
X{3SXe3 #~

CALL SENTER(=,2®426,R188)

CALL LETTER (X1,Y,4,26R(8NTENNS HEIGKTS
¥YesY+1u,5714en

(X,YpHp0,040)

MAUTICAL MILES,N,C0,21)

FEET),90,,26)
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STATEMENT

CALL NUMHER (X1,Y2,H,ANTHGT,S50,,1)
XPRs 2 ex4dx

YPFE3e2 Jem

ce 804 IL =1, 9

IND 3 TANG(IL)

AANZAANG(IL)

Cxs,!

TF (IL.GE,0)CX3,12S

XSXX(IND) & 4#CT{(IND)«SFAC e CXnSFAC
YSYY(IND) ¢  4#SNI(INDY#SFAC e ,087%+SFAC
IF (IL G, 9) X 3 X e K

IF(IL,E2,9 ,OR, (YeYER) ,GT,(1,5#~)) GE TH ERO
IF ((XPReX) LT, (&,00k) OR, X LT, 2,#") G TH E04

xP&3aXx

YPRzY

IF (IL,GE,c) GV TC A8

CALL NUMBEE (X, Y,m,88%,0,0,1)
X = X ¢ .15 « SFAC

GY T8 R39

CALL NUMBES (X,Y,™,24M,0,0,e1)
CoMTINUE

CALL DFGREE (X & ,35«SFAC, Y ¢ ,17S « SFAC,,08#SFAC)
CONTINUE
EnD
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STETEMENT

FUNCTINN FP(X)

Ca»van sa/ HEF, GRAD, FAD, (CNONST,
NRIREF 4 XP (=GRAD #X)

CCsX/3a0

VI2,0nRHeRRERR

aZ2,unlCeCCeCC

Fx 3 SORT (U(N) ¢ v ¢ » ¢ Van)

L(182),

F1 2 CANST @ (1,0 #VI®(1,0 #« CCI/FX

ENC

39
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STATEMENT

SUBRALTINE SIMCAN (X1, XEND,TEST,LIM,8REA,N01,R,F)
rAaTa0
ADD20,9
INTS
Val,0
EVENZQ,0
AREA130,0
ENDS3F (X1)+F (XEND)
M3 (XENDeX])/V
TDDSEVENSNCD
XsX{+m/2,
EVENSY,0
29 3 Is1,INT
FVEMNSEVENSR (X)
ASXek
CONTINUE
AREAB(ENDS+4 ,00EVENS2 , 02DD)aM/6 .0
NOISNET S
R2ABS ((AREAjeAREA)/AREA)
IF(NSJelLIM)3U1,3%,38
IF (ReTEST)35,35,4
RETUPN
AREA1SAREA
INTS2eINT
va2,0ev
Gy te 2
END

40
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STATENME T

SIFR®UTIE ATIC® (la,J3,%x4,MF,MC)
Coamvmy R/ xx(1Ry), YYC1RY1), CT1(1E1), SN1(1RY), DEL
“A 3 MR
re 1 % 3 14,J8,K4
A 3 M4 ¢
I¢ (“a Ng,MC) GO TR 3
2 FAC = 2,0
My 8 "
Ge ™0 4
3 FAC 3 1,0
4 X 3 Xa(R)
Y = YY(K)
CaLL PLET(X,Y,3)
X = X o CEL«FACRCTI(F)
Y 2 Y & CEL«FAC®SN] (K)
CatL RPLAT(X,Y,2)
1 cantTInue
Ene

L

Rl

Lo ¥

"ne, R LTITTTGR ARONT Y
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STATEwEAT

SURRPUTINE SENTER (m,%,1,8145)
C 'S8T = ,2RS7143 » m

ATNTHME = (3wle]) o COUNST
wIDTrA 3 (]'h.‘) » C"-’S‘I’
RI48 3 AIDTHF e 0,5 ¢ #I0THN
RE T mr

AN

E——




STATEMENT

SUBRAUTIE MINTAP (X,v)

CRMMAN J“TPE/ X2, Y2, X1, Y1, XA, Y&, ERESE
CAMMEN /MAN/Z M,N

DATA Mgy

DATA /07
3 Cx(ut,vi,u2,ve) 3 SOGRT(('2euUl)ew? ¢ (\V2=Vi)we2)
& 01 3 Ox(x1,Y1,%X2,Y2)
i IF €Dy EQ, 3,) G® T8 11
F 02 & CxCx,Y,Xi,Y1)
> IF (D2 LEG, 0,) GY¥ TO 2
P@ 03 2 Ox(x,Y,x2,Y2)
. N1y = CXCx8,YA,x2,Y2)
¥ IF (C3 LT, Cf1) GO 1O )
E CASN 3 (T3e03aD2402e01001)/(2,¢01002)

IF (Ces~ W6Te 14 L7, COSN oLl =853 cese = 1.
: SINE = SRRT(1, = CAISN=CASN)
. CEVN 3 D2sSINE
R IF (DEVN LE, ERRER) G* To 2
g 1 CALL PLET (Xb,v4,2)
3 v o3 Moy
% X2 3 xA
b Y2 = YA

11 X1 3 X
Yy s v
2 x4 3 X

YA 3 vy

N3 Net

END
H
it
a2
S
i
_i'
i
-
‘S'h‘
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STATEMENT

SURSCLTIME SEAREF (B“wZ, PSI, !POL, fRE, PHI)
CoMPLEX BEPSC, GAaM, SGTERM, TEAM
DaTs FLAST 7 0,/
SINPSI 3 SIN (PST)
CSP3I s CCS(PSI)ew?
IF (FMWZ JEd, FLAST) G* TA 200
FLAST 5 FMm2
] » 3 299,79% 4 FME?
i IF (F“=Z 6T, 1500,) G* T8 151
i 1%0 SIG = 4,3
EPS1 s 8¢,
Ge T* 18%
151 SIG 2 6,3 ¢ (FMHZ e 1500,) *» ,00148
IF (FMmZ (GT, 3010,) G T8 1S4
1S3 EFS) = 8¢, e (FMW2 = 1500,) * ,00733
G&® T8 15%
154 EPS1 = 89, o(FMHZ e 30N0,) *» 002429
SIG 2 65,52 ¢ (FM®Z e 3000,) * ,001314
g - 155 EPSC 3 CVPLX (EPS1,=60,+*%»S1G)
: 200 SGTESM= CSART(EPSCeCSPSI)
IF C(IPAL (NE, 1 ) GO T2 f61
160 TERM = EPSC * SINFPSI
GAM 3 (TERMeSGTERM)/(TERM4SQTERM)

¢ 68 TY 180

: 161 GAM = {SINFST e SGTERM) / (SINPSI « SGTERM)

180 GmY = CARS (GAM)

B Fml ZeATAN? (AIMAG(GAMY, REAL (GAM))
RETURN
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STATEMENT

SURRCUTIVE DEGREE(X,Y,™)
DIMENSION MELX(E), DELY(3)
DaT8 DELX/@d, 7071 ,21,0,e0,7071,0,000,7071,1,0,0,7071,0,0/
DATA DELY/0,7071,C,0,20,7071,@1,0,20,7CT1,0,0,0a7071,1,0/
L 3 R 412l
X 3 X ¢ ,Sar
Y 3 Y ¢ ,5#0
CALL FLOT (X,Y,3)
be yt 11 =21, 8
= X ¢ CELX(II)eD
= Y « DELY(II)#D
ALL PLAT(X,Y,2)
N

)

X
Y
t C
£

45

as TNy AT I S "" ’ 'w"“';;‘;w‘ . ‘p‘ o e N




STATEMENT

SuURKSLTINE INTRST  (Xx1,Y!,X2,Y2,XA,Y8,XB,YB,x0,Y0)
IF (a3s(x2ext),GE,10,k=78) G* 7O 2
1 IF (A3S(xecexd) LT, lu,E=76) GO TH 99
10 8 l\
S 3 (YreYi)/(XRexid)
YO 3 Sw(XQexa) + YA
BETIRN
IF (43S(X5exA),6E,10,E=76) GO TO0 4
IF (2a8(x2ext) LT ,10,Le76) 67 TO Q9
x0 8 X4
S = (v2evl)/(X2ex}])
YO 3 Sef¥Cex)) ¢ vi
FETURN
4 St 3 (YPevA)/(XBexid)
S2 = (y2eYl)/(X2e=x])
IF (9% EQ, Us) GO T# §
IF (485(S52=51),LT,10,E=76) G* TC 99
8T8 3 52731 i
YO 2 (Y2+SZ#(XleX2)uYiakT)/(],=RTE)
X) 8 (yJdevyAd)/S1 + XA
RETURN
9 IF (Se EQ, 0,) GO TO 99
X0z (vae¥2)/82 ¢+ x2 1
Yo=YA
KETURN
Qg PRIAT 12€C, x1, Y1
PRINT fal, X2,Y2,%A,Y4,%XB,Y8
X0 3 0,
Yg o 0.
100 FIRMAT (3X,pu4nCALL T® INTPSECT AROFTED, LINES PARALLEL, N0 INTEFSE
wCTION, Xt 2 ,E10,2¢08F Y1 5 ,E1042)

w

¥ 104 FUBRAECIN, EH X2 2 ,B10,2,6F Y2 = ,E10,2,
: * 6M XA 3 (E10,2,6h Y& 3 ,E10,2,6% XB 3 ,E10,2,6% YB = ,B10,2 //)
END
8
§
«
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STATEMENT

SURRSLTIVE ARRMa (X1,Y1,Xx2,Y2,TIPL)
CAVMAN/AG/ANG

DATA AANG / ,35/

YA 3 Y2 = Y|

X4 3 X2 = x|

A 3 ATAN2(YA,Xd)

A3 = A ¢+ ANG
Ad 3 A = ANG
x3 3 x2 e TIPL % CAS(A3)
Y3 3 v2 = TIPL » SIN(A3)
X4 3 x2 = TIPL » CAS(44)

Y4 3 Y2 e TIPL « SIN(84)
CALL PLAT (X1, Yi,» 3)
CALL PLAT (x2, Y2, 2)
CaLe PLOT (x3, v3, 2)
CALL PLT (x4, Yd, 3)
CALL PLAIT (x2, Y2, 2)
END

STATEMENT

SURRIUTI“E REZERS
ENTRY PE'CHG
ENTRY DASHEN
ENTRY DASHAF
END
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APPENDIX B: Input Data Card Formats for LOBMUF (For ASC - Jan 1977)

Program LOBMUF will plot the envelope of N radars using the pattern
calculations contained in the original program described in NRL Report
7098 by L. Blake. Incoherent integration is assumed. An antenna height
must be specified in subroutine RHACHT. The parameter name for this
antenna height is ANTHITE and is used to draw the range-height grid. The
actual antenna heights for the individual radars are input separately and
used for the multipath calculations. ANTHITE is 'not very important except
for the labeling of the height axis of the grid.

Input Card Sequence ;
Col.

1. ANTHITE in F10.0 field

2, Label Card

3. Grid Parameters in F10.0 fields:
a, XMAX 1-10
b. YMAX 11-20
c. RMAX 21-30
d. HMAX 31-40
e. MIN 41-50
f. THMAX 51-60
g. WHFT 61-70

‘ h. RDR 71-80

XMAX = maximum X-dimension of chart in inches
YMAX = maximum Y-dimension of chart in inches
RMAX maximum range of chart in nautical miles
HMAX maximum height on chart in feet
d THMIN = minimum elevation angle for the plot

THMAX = maximum elevation angle for the plot

WHFT = sea wave height in feet

RDR = number of radars for which an envelope is to

—

be plotted.
4, Common Parameters in F10.0 fields:

i a. PDT 1-10
i b. PFA 11-20
i c. PULS (total number of pulses) 21-30
[ d. CASE 31-40
B - e. AHFT 41-50

I TILT 51-60

g. POL 61-70
‘r. h. CsC 71-80
i PDT = probability of detection
% PFA = false alarm exponent, i.e., the positive value of
% the exponent (power of ten); for 10~ , enter the
?l number 6.0, etc.
E PULS = total number of pulses
E 48
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CASE = Swerling case number
AHFT = antenna height in feet
TILT = tilt angle of the antenna beam maximum with

respect to the horizon in degrees.

For reference, POL is polarization as follows:

POL e vertical
POL = 2, horizontal

CSC is for pencil or cosecant squared antenna pattern:

CSC = 0. pencil beam
CsSC = 1. cosecant squared beam

5. Radar Parameters in F10.0 fields:

a. RFS 1-10
b. FMHZ 11-20
c. BWD 21-30
d. SLDB 31-40
e. PULNUM (number pulses at FMHZ) 41-50
£. FREF 51-60
5 Repeat card 5 for N repetitions.
# RFS = calculated or assumed free-space range of the

radar on the specified target
FMHZ = radar frequency in megahertz
BYD = antenna half-power beamwidth in degrees
SLDB = first elevation sidelobe level relative to the
main lobe ;
PULNUM = number of pulses at each specified frequency
FREF = frequency used to calculate RFS if RFS was
calculated for the total number of pulses (PULS)

P ey
et B

FREF = 0, if RFS was calculated at each frequency using
PULNUM.
After cards 1-5, the sequence can be repeated as many times as desired, |

starting with card 2.

3 A note of caution is that the elevation plot angle increment is
determined by H

; THMAX ~ THMIN
: 2000

The value has proven adequate for S~band radars where 10° and 0° were the
values for THMAX and THMIN. It is recommended that an envelope for a

single radar (RDR = 1) be run when there is doubt that this angle increment
is small enough.
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